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Abstract 
An amine-based anion exchange resin was utilized to capture CO2 from ambient air. The sorbent is 
able to absorb CO2 when it is dry and release CO2 when exposed to liquid water or water vapor. The 
absorption isotherm test shows that the sorbent behaves efficiently even at very low CO2 concentration. 
Its capacity in carbonate form is 0.86 mol of CO2 per kilogram under 25 °C and 40 Pa. Langmuir model 
describes well the absorption isotherm at high saturation. The kinetics of CO2 desorption dispersed in a 
flat sheet of polypropylene has been studied by experiments and models. We accounted for boundary 
layer transport limitations and made boundary layers thin enough to avoid such changes. The kinetic 
parameters of desorption, desorption coefficient and activation energy, are determined. 
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1. Introduction 
The global warming can be denied no longer, since the global average surface temperature have risen 
at an average rate of 0.13 °F (0.072 °C) per decade since 1901 Error! Reference source not found.. It 
has risen even more quickly since the recent decades. The linear warming trend over the 50 years from 
1956 to 2005 (0.13°C per decade) is nearly twice that for the 100 years from 1906 to 2005 Error! 
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Reference source not found.
temperature is estimated to increase by 4 °C by the end of 21st century, if the fossil fuel is still massively 
consumed Error! Reference source not found..In 2008, 81% of the world primary energy supply is 
fossil fuels and more than 99% of CO2 emissions are attributed to the combustion of fossil fuels Error! 
Reference source not found.. 
Current carbon capture and storage (CCS) technologies focus mainly on capture from large intensive 
sources such as power plant. According to IPPC, about 60% of total CO2 emissions are attributed the 
power and industry sectors and future projections indicate that the share of these sectors will decline to 
around 50% of global CO2 emissions by 2050 Error! Reference source not found.. Assuming that those 
emissions were completely removed by CCS, 40%-50% of global emissions would be released to the 
atmosphere. According to IEA Error! Reference source not found., 23.4 Gt of CO2 are emitted in 2008. 
Hence, about 13 Gt would be added to atmosphere, which would increase the atmospheric CO2 
concentration by 1.2ppm. Thus capture from large stationary sources could merely retard the pace of CO2 
increase and may not thoroughly resolve this problem. 
Direct capture of CO2 from the ambient air was first suggested by Prof. Klaus Lackner in 1999 Error! 
Reference source not found.. Previous studies on energy requirement Error! Reference source not 
found.Error! Reference source not found. and cost analysis Error! Reference source not found. have 
demonstrated that air capture is feasible and economically viable. Air capture combined with CO2 storage 
could negative global CO2 emission and reduce the atmospheric CO2 concentration, if it were 
commercialized and wildly used. It could be applied on either large industrial scale or small mobile scale, 
which could capture CO2 wherever and whenever. The CO2 stored could be currently used in industrial, 
agricultural and alimentary field, such as oil production and plant production in greenhouse. In the future, 
if artificial synthesis of fuels (synfuels) from renewable energy could become efficient and affordable, one 
could also utilize air-captured CO2 to produce synfuels, which would close the carbon cycle on Earth and 
leave human continue to consume fossil fuels for longtime. 
The air capture technology introduced by Prof. Klaus Lackner employs an ion-exchange resin material 
as sorbent of which the absorption-desorption cycle is based on a moisture swing Error! Reference 
source not found.. The sorbent is capable of absorbing CO2 from ambient air under dry condition and 
releasing CO2 while exposed to high humidity or liquid water. The energy consumption is estimated to be 
50 kJ/mol of CO2 or 1.1 MJ/kg of CO2 Error! Reference source not found.. Liquid hydrocarbon fuels 
have energy densities of 40-50 MJ/kg, and emit about 3.1 kg of CO2 after combustion. With Lack
system, 3.4 MJ of energy would be needed to remove this part of CO2 from atmosphere. Assuming a 50% 
conversion efficiency from fuels to electricity, only 15% of electric energy would be contributed to 
capturing the CO2 released by production of electricity. 
The past experiments have revealed the characteristics of resin-based sorbent, specially the 
performance during a moisture swing operation. A series of isothermal equilibrium experiments realized 
by Wang.T et al. Error! Reference source not found. quantified the CO2 sorption behaviors of moisture 
swing cycle and proposed the possible sorption mechanism. However, few data on the desorption kinetic 
are available. Hence, a series of desorption kinetic experiments are performed in order to analyze the 
regeneration step. Several existed models will be introduced to characterize the desorption phase. Also, 
several parts of the report will attribute to the water adhesion of resin beads and sheet. 
 
Nomenclature 
 
C  Concentration of CO2 in experimental system [ppm] 
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C0  Initial concentration of CO2 in experimental system [ppm] 
K  Equilibrium constant of Langmuir Equation [1/Pa] 
Ka Adsorption equilibrium constant of Langmuir Equation [1/Pa] 
Kd Desorption equilibrium constant of Langmuir Equation [1/Pa] 
ka Adsorption rate constant [1/(Pa.s)] 
kd Desorption rate constant [1/s] 
P  Pressure of experimental system [Pa] 
P0 Initial pressure of experimental system [Pa] 
Pe Equilibrium partial pressure [Pa] 
Patm Atmospheric pressure [101325 Pa] 
qd CO2 desorbed [mol] 
qe CO2 absorbed at equilibrium [mol] 
q  CO2 capacity of a sorbent sample [mol] 
Q CO2 capacity of 1 kg of sorbent [mol/kg] 
R Universal gas constant [8.314 J/mol.K] 
ra Rate of absorption [1/s] 
rd Rate of desorption [1/s] 
T Temperature of experimental system [K] 
V0 Volume of experimental system [m3] 
Vd Volume of CO2 desorbed [mL] 
Vinj Volume of CO2 injected [mL] 
 Saturation of sorbent [-] 
 e Saturation of sorbent at equilibrium [-] 
2. Experimental Methods 
2.1. Material Preparation 
The resin sheet used for experiments was cut into the form of noodle and pretreated in 85°C ~95°C 
DI water for 48 hours. A resin noodle after pretreatment was about 30 cm long, 1.8 mm wide and 0.8 mm 
thick. 
A dry resin sample in bicarbonate form was washed twice in 1 M Na2CO3 solution. The sample was 
then thoroughly washed in DI water stream in order to remove Na2CO3 solution residue. The carbonate 
form was assumed to be reached after the treatment. 
2.2. Absorption Equilibrium Measurement 
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The resin sample was placed in the sample chamber in which it was exposed to a zero air (air without 
CO2) flow. This would dry the sample without loading it. The system was then closed while the pump
was working. A fixed volume of CO2 (0.5 mL) was injected into the sample chamber by syringe, and the
gas was cycled for 12 hours to allow the system to reach equilibrium. The humidity was fixed at 5 ppt,
which refers to a 10% relative humidity (RH) while the ambient temperature is 33 °C. It is also the
average weather condition during winter and spring season at a dry location Error! Reference source
not found..
The volume of the whole system was 1.25 L since the CO2 concentration increased 400 ppm after 
every injection of 0.5 mL. At equilibrium, the CO2 absorbed can be calculated by:
(1)
where Patm is the atmospheric pressure, Vinj is the total amount of CO2 injected, R is the universal gas
constant, Tamb is the ambient temperature, P, V0, T are respectively the pressure, volume and temperature
of the system, C is the equilibrium CO2 concentration measured by Infrared Gas Analyzer (IRGA). 
Considering the pressure inside and outside the system is approximate, equation (1) can be simplified to
the following form:
(2)
2.3. Desorption Kinetic Study
With a hypothesis that the diffusion of CO2 and liquid water inside the resin is rapid enough, the
reaction rate would dominate the desorption phase. This assumption might not be justified in the 
experiment; however, for an industrial process this approach would simplify the conception, modelization
and application. The experimental system is presented in Figure 1.
Figure 1. Schematic of experimental system for desorption kinetic study
A resin sample, in form of noodles, was exposed in dry air, of which the water concentration and the
CO2 concentration were about 0.7 ppt and 440 ppm respectively, for 24 hours. The sample was assumed 
to be fully loaded ( =1) and in bicarbonate form after this pretreatment.
All the instruments, including the tubes and chamber, were placed in a foam box in which the 
temperature was kept at a level lightly higher than that of the water bath. This would effectively avoid 
condensation inside the system. Thus, the relative humidity could be considered as 100 % during the
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desorption process. The electric fan installed in the sample chamber was capable of creating a wind 
velocity of 4 m/s, which was largely sufficient to overcome the boundary layer effect.
The CO2 concentration was logged every second by the IRGA. At an instant tn, the amount of CO2
released can be calculated by:
(3)
where P0 and C0 are the initial pressure and concentration of system, respectively. Since the pressure is
nearly constant, equation (3) becomes:
(4)
The saturation of the sample can be calculated by:
(5)
where is the capacity of the sample used. It can be determined by knowing m the mass of sample and 
Q the capacity of 1 kg sorbent. The apparent desorption rate defined by d /dt could be determined by 
numerically deriving the curve of against time.
3. Experimental Results and Discussion
3.1. Absorption Isotherm
For a CO2 sorbent, its saturation at equilibrium is defined by , where is the amount of 
CO2 absorbed by the sorbent when the equilibrium is reached and is the capacity of the sorbent.
The classic Langmuir Equation  can be transformed into:
(6)
If the behavior of the sorbent followed Langmuir s model, 1/qe would be a linear function of 1/Pe. 
By tracing the curve of 1/qe against 1/Pe, linearity is obtained with a correlation coefficient of 0.99.
The CO2 absorption capacity and absorption equilibrium constant, Ka can be determined from the
intercept and the slope of the curve. Once the mass of resin sample is known, the CO2 absorption capacity 
of 1 kg resin can be calculated. Since the resin sheet is sensitive to moisture and liquid water is also used 
in some of the experiments, the mass of sample can vary significantly under different conditions. In this
report, the mass of samples measured after exposure in dry air (about 0.7 ppt of water and 440 ppm of 
CO2) for 12 hours is arbitrarily chosen as the reference.
Q (mol CO2/kg) Ka (1/Pa) Correlation Coefficient
0.86 4.18 0.99
Table 1. Absorption performance at 25 °C
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Figure 2 shows that Langmuir model describes well the absorption isotherm at high saturation. Due
to the uncertainty of the CO2 concentration lower than 10 ppm, the data are limited at a range which is
closed to full saturation ( =1). The equilibrium constant and CO2 capacity determined from the Langmuir 
curve are summarized in Table 1. As started by carbonate form, for 1 kg of material, 1.72 mol of the ion
exchangeable functional groups are involved in CO2 absorption. Based on previous result realized by 
Wang.T et al. Error! Reference source not found., the anion density of material is 1.9 mol/kg for the 
carbonate form (1.78 for the hydroxide form). Nearly all of the functional groups are able to absorb CO2
within the range of experimental error.
Figure 2. Absorption isotherm described by Langmuir model
With the equilibrium constant provided by the curve, one could predict the performance of material
at equilibrium. The curve also shows that at ambient CO2 concentration of 400ppm (40 Pa) and water 
vapor concentration of 5.0 ppt, the sorbent have a very high saturation of over 0.99. Even at a low CO2
concentration, such as 50ppm (5 Pa), the sorbent is able to reach a high saturation of 0.95. This indicates
that the quaternary ammonia anion exchange resin is strong enough to bind CO2 from ambient air.
3.2. Desorption Kinetic Study
The same sample used in absorption isotherm measurement was kept for desorption kinetic study. Its
capacity has been previously determined, q =7.00×10-4 mol.
By numerically derive the curve of saturation v.s. time, the desorption rate can be determined when
the sorbent just started releasing. Previous experiments Error! Reference source not found. show that 
Langmuir equation can well describe the performance of sorbent at equilibrium, with high correlation
parameters. Therefore, we still apply this model to study the kinetic performance of sorbent in desorption
phase. The reaction rate has been expressed by equation (7):
(7)
where the two terms represents respectively ab- and desorption rate. At the very beginning of desorption 
phase, we consider that the second term dominates the reaction rate. Thus, equation (7) can be simplified 
into the following form:
(8)
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This first order homogenous differential equation can be simply resolved, the solution is given by:
(9)
where A is a constant that depends on the boundary condition. Although the sample was fully saturated 
when it started releasing CO2, its performance during the very first seconds could not be noted because it
took about 10 seconds to finish the preliminary operations, such as transporting resin into chamber and 
turning on the electric fan, before starting logging the right data. We kept thus the constant A and 
transformed equation (9) into:
(10)
for 
the first minute of desorption, with satisfying correlation coefficients. The desorption constant kd can be
determined from slope of straight lines. The results are listed in Table 22.
Temperature (°C) kd (×10-3 1/s) Correlation coefficient
45 2.27 0.99
35 1.44 0.98
26 0.70 0.99
Table 2. Desorption constant under different temperatures
It is clear that higher temperature can efficiently favor the desorption rate. According to Arrhenius
equation, the rate constants under different temperature can be expressed by:
(11)
where k0 is a pre-exponential factor and Ea is the activation energy of reaction.
Arrhenius equation can be transformed into:
(12)
By fitting the curve of lnkd vs. 1/T, k0 and Ea can be determined from intercept and slope. The
values of k0 and Ea are listed in Table 33.
k0 Ea (kJ/mol) Correlation coefficient
2.53×105 48.9 0.98
Table 3. Kinetic parameters of desorption
Those kinetic parameters can help to predict rate constant in a small range of temperature, which is
sufficient for current application of this material. The activation energy Ea reveals the minimum energy 
required to start the reaction, in other words, the barrier it should overcome. Wang, T. et al. Error! 
Reference source not found. o=31.81
kJ/mol, which is consistent with the value of Ea. Further improvement on material itself is expected to
decrease the activation energy and accelerate the desorption reaction.
In a closed system, the partial pressure of CO2
pressure of CO2
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(13)
where C0P0 represents the initial CO2 partial pressure in the system. It can be also transformed to
where n0 is the initial number of moles of CO2 in the chamber. Equation (7) is transformed into:
(14)
d /dt vs. time.
Since kd has been determined previously, d /dt can also be calculated by equation (14) and the only 
unknown parameter is the rate constant of absorption ka. By making ka vary in a certain range, we find the
value of ka which best fits the experimental curve of d /dt. However, the determination of ka is not very 
accurate, due to the inaccuracy of numerical derivation. As limited by the duration of internship, we do
not have enough time to determine the equilibrium constant K, which would help to determine ka more
precisely. By introducing the equilibrium data of Wang, T. et al Error! Reference source not found., the 
ka can also be calculated. All the results are listed in Table 44.
Temperature (°C) ka by fitting d /dt
(×10-6 1/(Pa.s))
ka calculated from Wang, T. et al Error!
Reference source not found. (×10-6
1/(Pa.s))
45 9.0 4.2
35 6.5 3.8
26 5.5 2.8
Table 4. Absorption constants under different temperature in desorption phase
Although it is difficult to accurately determine the value of ka, the order of magnitude is fixed at 10-6 
desorption phase.
4. Conclusion
In summary, an amine-based anion exchange resin was utilized to capture CO2 from ambient air.
The sorbent is able to absorb CO2 when it is dry and release CO2 when exposed to liquid water or water
vapor. The absorption isotherm test shows that the sorbent behaves efficiently even at very low CO2
concentration. Its capacity in carbonate form is 0.86 mol of CO2 per kilogram, which is equivalent to
about 21 liter of CO2 under 25 °C and 100 kPa. Langmuir model describes well the absorption isotherm at 
high saturation.
The kinetics of CO2 desorption dispersed in a flat sheet of polypropylene has been studied by 
experiments and models. We accounted for boundary layer transport limitations and made boundary 
layers thin enough to avoid such changes. The kinetic parameters of desorption, desorption coefficient
and activation energy, are determined.
On the other hand, further experiments are needed to reveal more information about the actual
mechanism of the reaction. Some improvements of the material are also expected.
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